Abstract: 


The Uppermost Surface of the Moon 


The Apl6 Clam Shell Sampling Devices (CSSDs) were designed to sample the uppermost surface of 
lunar soil. The two devices used beta cloth (69003) and velvet (69004) to collect soil from the top 100 
and 500 pm of the soil, respectively. Due to the difficulty of the sampling method, little material was 
collected and as a result little research has been done on these samples. Initial studies (Noble et al., 2007) 
attempted to look at the material which had fallen off of the fabrics and was subsequently collected from 
inside the sample containers. However, this material was highly fractionated and did not provide an 
adequate picture of the uppermost surface. Recently, samples were obtained directly from the beta cloth 
using carbon tape. While still fractionated, these samples provide a unique glimpse into the undisturbed 
soil exposed at the lunar surface. 


Understanding the properties of the uppermost surface is critical as it is the optical surface that is 
probed by remote-sensing data, like that which is and will be generated by instruments on orbiting 
missions (e.g. M 3 , LRO). The uppermost material is also the surface with which future lunar astronauts 
and their equipment will be in direct contact, and thus understanding its properties will be important for 
dust mitigation and toxicology issues, as well as resource utilization (ISRU) purposes. An improved 
method of collecting samples of this uppermost surface should be developed and this type of sample 
should be routinely collected at all future human landing sites. 



1 


UAHuntsville 


The Uppermost Surface of the Moon 

Sarah K. Noble 

University of Alabama Huntsville/Marshall Space Flight Center 
sarah.k.noble@nasa.gov 



Introduction: The Apt 6 Clam Shell Sampling Devices (CSSDs) 
wen* designed to sample the uppermost surface of lunar soil 
[1J. The two devices used beta doth (69003} and velvet 
f 69004} to collect soil from the top 100 and 500 pm of the soil, 
respectively- Due to the difficulty of the sampling method, 
little material was collected and as a result little research has 
been done on these samples. Initial studies [2) attempted to 
look at the material which had fallen off of the fabrics and was 
subsequently collected from inside the sample containers. 
However, this material was highly fractionated and did not 
provide an adequate picture of the uppermost surface. 
Recently, samples were obtained directly from the beta doth 
using carbon tape. While still fractionated, these samples 
provide a unique glimpse into the undisturbed soil exposed at 
the lunar surface. 




Four samples were collected i 
at this location which provide 9 
a cross-section of the upper 
surface. 

- Beta cloth - top 1 00 pm 

- Velvet doth - top 0,5 mm 

- Skim scoop - top 5 mm 

- Regular scoop - top 3 cm 



Results from original samples collected from inside container 
{the grains that fell off of the fabric) 


Spectral results 
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Following the methods of the 
Lunar Soil Characterization 
Consortium (LSCC) (3), spectra 
were obtained by RELAB at Brown 
University (C P«ters/T Hiroi), 
ferromagnetic resonance (FMRl 
was performed at JSC (R. Morris), 
and TEM analysis was also done at 
JSC <L Keller). 



Size Distribution - Is the uppermost surface finer grained than the bulk soil? 




Because the CSSO samples, 
unlike all other returned 
soik have never been 
'handled* (poured, sieved 
etc), very fragile glass 
constructions can be seen 
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Conclusions and future Work Understanding the 
properties of the uppermost surface is critical as it is the 
optical surface that Is probed by remote-sensing data 
The uppermost material h afeo the surface with which 
future lunar astronauts and thee equipment will be in 
direct contact and thus understanding its properties will 
be important for dust mitigation and tautology issues, as 
wed as resource utilization (1SRUJ purposes, 
n is dear from our study that (he material puked from the 
beta cloth contexts excess amounts of Jtre fine I sub- 
micron) grams, however, we can not determine whether 
that excess is due to fractionation during or after 
sampling, or If it represents the true sue (Attribution of the 
uppermost lunar material. We plan to perform a similar 
study with the skim sample lor comparison. A study of the 
velvet CSSO nvghl yield further insaghts. however, we 
have not yet come up with a good method to extract the 
grains from die velvet There is orotoabty no way to 
difwtivrfy solve this question with the Current samples. 

An improved method erf collecting samples of this 
uppermost surface should be developed and this type of 
sample should be routinely c cheered at all future human 

lanringttes. 




